Methods

Study population
All STEMI patients, who underwent PPCI between March 2008 and June 2011 at Freeman Hospital (Newcastle-upon-Tyne, UK) and survived to hospital discharge, were included. Freeman Hospital is a tertiary centre performing over 800 primary PCI procedures per year.
The diagnosis of STEMI was based on the presence of chest pain suggestive of myocardial ischaemia >30 mins, time of onset of symptoms within 12 hours, and new ST-segment elevation or left bundle branch block (LBBB) on the ECG. Patients were transferred from the ambulance directly to a pre-informed waiting team in the cardiac catheterization room and culprit vessel revascularization was undertaken using the radial artery for access, whenever possible. Multivessel PCI was considered in patients with cardiogenic shock, on-going ischaemic chest pain despite successful PCI to culprit lesion or as part of Preventive Angioplasty in Myocardial Infarction (PRAMI) trial (comparing culprit only with full revascularization during PPCI). 15 All patients had cardiac rhythm monitoring for 24 hours post procedure via telemetry (those with sustained arrhythmias were monitored until stable) and haemodynamic parameters were recorded every 4 hours, in the absence of complications. Patients with Thrombolysis in Myocardial Infarction (TIMI) 3 flow in the infarct-related artery and without haemodynamic or arrhythmic complications were considered for early discharge, at the discretion of the attending physician, whose clinical judgment alone determined the actual timing of discharge.
During the index STEMI admission, all patients received the cardiac rehabilitation manual as well as counselling regarding risk factors and lifestyle modification. Appointments were made for early post-discharge consultation with cardiac rehabilitation teams in their local hospitals.
Study design
This is a retrospective observational cohort study. The primary data source was our local coronary artery disease database (Dendrite) which holds information on every PCI procedure performed at our hospital. Baseline demographics, clinical presentation, procedure details, and complications are prospectively entered into Dendrite at the end of each PCI procedure. Clinical data and discharge medications are updated on discharge.
This study was a clinical audit and an evaluation of our services and practices. Therefore, it did not require approval by the ethics committee as per local guidelines. The National Health Service (NHS) Caldicott Guardian gave permission for data extraction and acquisition. All data were collected as part of the Central Cardiac Audit Database (CCAD) and Myocardial Ischaemia National Audit Project (MINAP).
Outcome measures
The main outcome measure was all-cause mortality, on days 1, 7, and 30 post discharge and at long-term follow up. Patient status in relation to mortality was provided by the Office of National Statistics. This information was linked to our database using the patient's NHS patient-unique identification number and confirmed by the patient's date of birth and home address. Mortality was assessed up to 31 July 2011, and patient follow up was censored at the time of death.
Length of hospital stay
Patients were classified depending on length of hospital stay: (1) the early discharge group: discharged from hospital within 2 days following PPCI; and (2) the late discharge group: all others.
Statistical analysis
We calculated the means and standard deviations for continuous variables, contrasting the discharge groups using the Student t-test. Categorical variables were tabulated and contrasted using the Pearson chi-squared test.
Survival functions for the early and late discharge groups were calculated using the Kaplan-Meier estimator and were contrasted using the log-rank statistic. Because, in this observational study, the two groups differed in many ways that may affect their survival, we also carried out an analysis in which this potential bias is reduced through the use of propensity score matching.
A probit regression-based propensity model of discharge in 2 days or less was constructed, using age (linear spline with knot at 50), gender, peripheral vascular disease, insulin-treated diabetes, previous myocardial infarction (MI), heart failure, cerebrovascular accident or transient ischaemic attack (CVA/TIA), cardiogenic shock pre-procedure, anterior infarct location, TIMI 3 flow post procedure, radial vs. femoral procedure entry, non-sinus rhythm, multivessel or left main stem disease, cardiac arrest, any cardiovascular complication, troponin exceeding sample median, and creatinine >120 mmol/l. Each short-stay patient was matched with the conventional-stay patient having the closest propensity score. Cox proportional hazards regression was applied to the matchedpair sample.
To generate hypotheses concerning which attributes might predict longer survival in our patients, we performed an exploratory Cox regression including as covariates 19 additional variables which, in bivariate analysis, were associated with the survival outcome (hazard ratio <0.85 or >1/0.85), and not already accounted for in the propensity model. These variables were use of angiotensin-converting-enzyme inhibitors or angiotensin-receptor blockers, age, aspirin, use of atherothrombectomy, beta-blocker use, serum cholesterol, clopidogrel use, diabetes (oral hypoglycaemics), ex-smoker, family history of coronary artery disease, use of glycoprotein inhibitors, heparin dose, heart rate, presence of significant (>50%) left main stem disease, vessel diameter, onset of symptom to first balloon inflation, previous angina, previous coronary angioplasty, and use of statin therapy.
A p-value <0.05 (2-sided) was considered statistically significant. All analysis was performed using Stata 10 (StataCorp, Texas, USA).
Results
Patient characteristics
During the study period, PPCI was performed in 2571 STEMI patients and of these 116 patients (4.5%) died during the index hospital admission (age 73.3±13.2, 56.9% male). Discharge data were missing in seven patients. Mortality in hospital was associated with diabetes (10.8 vs. 23.3%, p<0.001), previous MI (14.7 vs. 26.3%, p=0.003), cardiogenic shock (3.1 vs. 35.7%, p<0.001), ventilated patients (1.2 vs. 16.3%, p<0.001), multivessel coronary artery disease (32.4 vs. 62.6%, p<0.001), and lower procedural success rate as reflected by lower post-PPCI TIMI 3 flow rate (92.5 vs. 61.9%, p<0.001).
The remaining 2448 patients, who underwent PPCI and survived to hospital discharge, (age 62.7±13.2 years, 71.1% male) were included in the analysis of this study. There were 1542 patients (63.0%) in the early-discharge group and 906 patients (37.0%) in the late-discharge group. The median and interquartile range (IQR) of length of hospital stay was 2 (1-2) days (mean 1.4) in the early discharge group compared to 3 (3-5) days (mean 5.1) in the late discharge group.
Baseline demographics and procedure-related characteristics are shown in Tables 1 and 2, respectively. Patients in the early discharge group were younger with less comorbidities and were more likely to have undergone successful PPCI (defined as achieving TIMI 3 flow post PCI) with an uncomplicated recovery.
The PPCI-related procedure timings for the two groups are also shown in Table 2 . The door-to-balloon time was longer in the late discharge group compared to the early discharge group. There was no significant difference in the onset-to-balloon time between the two groups.
Medication on discharge
A higher proportion of patients were discharged on angiotensin-converting-enzyme inhibitors or angiotensin-receptor blockers in the early discharge group compared to the late discharge group (87.8 vs. 83.6%, p=0.004). Similar trends were seen with beta-blockers (85.2 vs. 82.4%, p=0.08) and aspirin (91.7 vs. 89.2%, p=0.05). There were no significant differences in the proportion of patients who were discharged on dual antiplatelet therapy (91.3 vs. 89.4%, p=0.13) and statin (90.3 vs. 88.7%, p=0.22) between the early and late discharge groups, respectively. The duration of dual antiplatelet therapy did not differ between the early and late discharge groups (1.4 vs. 1.8% for 4 weeks, 1.3 vs. 1.6% for 12 weeks, and 96.2 vs. 94.9% for 12 months, respectively, p=0.17).
Predictors of early discharge
In a multiple logistic regression model, the following variables were tested for their effect on time to discharge: age, sex, previous history of CVA/TIA, peripheral vascular disease, heart failure, insulin-dependent diabetes mellitus, or MI, cardiogenic shock on presentation, anterior MI site, PPCI access site (radial or femoral), TIMI 3 flow post PCI, non-sinus rhythm on admission, multivessel or left main stem disease, cardiac arrest, any in-hospital complication (except death), admission creatinine >120 mmol/l, troponin exceeding sample median (troponin T was measured in 72% of patients and the median was 33.12 µg/l whereas high-sensitivity troponin I was measured in the remaining 28% and the median was 1639 ng/l). These variables were selected as they are recognized to be clinically important in defining low-risk patients and were found to have a significant impact on early discharge on univariate analysis. Predictors of early discharge and their odds ratios in multiple logistic regression analysis are shown in Table 3 .
Mortality outcomes
No patient died within the first 24 hours post discharge. A total of four patients (all in the late discharge group) died within 7 days post discharge. The overall 30-day postdischarge mortality rate was 1.06% (n=26): 0.71% (n=11) in the early discharge group and 1.66% (n=15) in the late discharge group.
During a mean follow-up period of 584 days (585 days in the early discharge group and 582 days in the late discharge group), all-cause mortality occurred in 178 patients (7.3%): 67 patients (4.3%) in the early discharge group and 111 patients (12.3%) in the late discharge group. Figure 1 shows the Kaplan-Meir survival curves for the early and late discharge groups.
Without propensity weighting or adjustment for covariates, a Cox regression estimated the early discharge group experienced a mortality hazard ratio of 0.35 (95% CI 0.26-0.48).
The propensity score matching produced a wellbalanced matched pair sample, with average bias reduced from 17.8% before matching to 2.5% after.
With propensity matching but no additional adjustments, the crude hazard ratio was 0.48 (95% CI 0.32-0.71). With adjustment for the other covariates, the hazard ratio estimate was 0.36 (95% CI 0.21-0.62). In this analysis, haemoglobin, infarct artery flow before PCI, and TIMI class 2 or 3 after PCI emerged as suggested predictors of survival. Due, however, to the large number of variables adjusted for in this analysis, these findings may have arisen due to overfitting of the model and should be confirmed independently in other research.
Discussion
The main finding from this study in an unselected cohort of consecutive 'real-world' STEMI patients is that low-risk patients can be safely discharged within 2 days following PPCI. Importantly, this early discharge strategy may be feasible in almost two-thirds of PPCI-treated STEMI patients. The findings are novel and have the potential to change existing practice in the studied patient population.
In our cohort, the overall mortality of all PPCI-treated STEMI patients within 30 days of hospital admission was 4.5% and was consistent with previously reported data. 5, 16, 17 The mortality within 7 days of discharge was low and there were no deaths at all within 7 days in the early discharge group and only four patients died in the late discharge group. At 30 days and long-term follow up, mortality in the early discharge group also remained low and this underscores the safety of discharging uncomplicated STEMI patients within 2 days after PPCI.
The aim of this study was not to compare the mortality outcomes of the early versus the late discharge groups but rather to assess the safety of the early discharge strategy in low-risk patients. As would be expected, the early and late discharge groups in our cohort differed in many ways that were predictive of subsequent survival. For example, the early discharge group were younger and had fewer comorbidities and less complex disease and PPCI was performed more often via the radial approach. It must be acknowledged, however, that clinical judgement by the attending physician which was based on procedural success and haemodynamic stability during hospital stay was central to the decision making for early discharge. An important question is whether the mortality rate in the early discharge group could have been reduced by keeping these patients in hospital for longer than 2 days. In order to answer this question we tried to reduce the confounding bias between the early and late discharge groups by using propensity score matching. The survival advantage for the early discharge group remained evident even after this adjustment. This finding is to be expected given the nonrandomized design and further confirms the safety of an early discharge strategy and argues against any mortality benefit, which may be derived from keeping low-risk patients in hospital for longer than 2 days. Of course, only large randomized control trials can conclusively answer this question. However, our low mortality figures in the early discharge group and the propensity analysis findings strongly support our conclusion of the safety of an early discharge strategy.
Although the decision to discharge patients within 48 hours was a clinical one based on close haemodynamic and rhythm monitoring, it is likely that several factors other than the recognized cardiovascular risk factors that were recorded influenced length of hospital stay, such as noncardiac comorbidities and social and home circumstances.
Overall ischaemic time (onset to balloon) did not differ between groups and the median time of less than 3 hours is testament to the pivotal role of the emergency services in the provision of a successful PPCI service. Whilst the overall median door-to-balloon time was under 30 minutes, there was a significantly higher median time for the late discharge group, reflecting complications early in the course of STEMI presentation. This is likely to be due to the complexity of patients and lesions treated in the late discharge group. Patients in this group were more likely to have multivessel coronary artery disease and undergo multivessel PCI but had a lower rate of post-PPCI TIMI 3 flow. In addition, they had higher proportions of patients presenting with cardiac arrest, cardiogenic shock, or ventilation pre PPCI and requiring support prior to revascularization. The mortality from cardiogenic shock resulting from STEMI remains high even in the era of PPCI 18 and those that survive to arrival to hospital require intensive monitoring and care. In our study, 118 STEMI patients were in cardiogenic shock on admission and, of these, 77 patients (65.2%) survived to hospital discharge. The median length of hospital stay was considerably longer in patients with cardiogenic shock and confirms the challenge that this patient group presents to providers of STEMI care. The length of hospital stay of STEMI patients has gradually decreased over time. 3, 4, 18, 19 In the thrombolysis era, a randomized controlled trial of 80 patients demonstrated the feasibility of discharging low-risk STEMI patients 3 days after admission. 20 These patients, however, were highly selected from 507 consecutive STEMI patients, of whom 65% showed early post-infarct complications such as angina, heart failure, or arrhythmia by day 3 and a further 7% demonstrated ischaemia on exercise testing. Of note, this study confirmed that, even in the low-risk group defined by the authors, the conventional length of hospital stay in the thrombolysis era was 7-10 days.
A recent paper by Jones and colleagues 21 in over 2700 patients also demonstrated the safety and feasibility of early (within 48 hours) discharge after PPCI. The authors reported no difference in readmission rates in the first 30 days and no all-cause mortality difference in the early discharge group. One notable difference with our data was that only 42% were discharged within 48 hours against 63% in our study. One reason may be due to our shorter period (24 hours) of monitoring for sustained arrhythmias. The optimal duration for monitoring arrhythmias after PPCI has not been determined. A recent study 22 showed that arrhythmias can be present up to 48 hours after PPCI but Mehta and colleagues 23 reported results from the HORIZONS-AMI trial confirming that these late arrhythmias were not associated with morbidity or mortality. Our data supports monitoring for 24 hours in low-risk patients after PPCI.
In the era of PPCI, there are two main reasons why a further reduction of hospital stay in STEMI patients can be considered. First, PPCI has been shown to reduce the mortality and morbidity of post-infarct complications compared to thrombolysis. 1, 2, 5 Second, angiographic data obtained during PPCI allows assessment of reperfusion (TIMI flow and myocardial blush grade) and quantifies the extent of coronary artery disease, thereby providing rapid risk stratification of STEMI patients which is invaluable for selecting patients for early discharge. 7, 8, 13, 24 Current guidelines of STEMI management acknowledge that shorter hospital stay (after approximately 72 hours) is reasonable in selected low-risk patients 4 despite limited evidence in this field. To date, there are few trials, which have assessed the appropriateness of early discharge following uncomplicated PPCI. In the Primary Angioplasty in Myocardial Infarction (PAMI-II) study, 9 471 low-risk PPCI-treated STEMI patients were randomized to either accelerated hospital care with early discharge (mean hospital stay of 4.2 days) or traditional care (mean hospital stay of 7.1 days). The groups showed similar mortality, recurrent ischaemia, stroke, and heart failure at 6 months. In an observational study of low-risk 463 PPCI patients (selected out of 898 patients), 10 the 30-day mortality was similar in those who were discharged within 4 days following PPCI (n=266) and those who were hospitalized for more than 4 days (n=197). In another small cohort of 267 patients successfully treated with PPCI, 11 69% were discharged within 48 hours with low major adverse cardiovascular event (MACE) rates reported at 30 days and 1 year follow up. The findings of three other smaller pilot studies have also supported the feasibility of early discharge following uncomplicated PPCI. [12] [13] [14] However, these trials were too small to be sufficiently powered to evaluate mortality. The on-going Effects on Health Status in Patients Early Discharged After PPCI (INUT) is aimed address outcomes with regards to patients' satisfaction of care and health quality of life. 25 However, large randomized trials with sufficient power to assess mortality outcomes of early discharge strategy are clearly required.
Length of hospital stay is recognized as a major contributor to the cost of in-hospital treatment of myocardial infarction. 23 In addition, various studies have demonstrated the potential cost saving with reduced length of hospital stay in STEMI patients. 7, 9, 26, 27 Although cost effectiveness was not assessed in our study, the finding that early discharge is safe has the potential to reduce the health cost of providing a primary PCI service.
Limitations and strengths
The strength of our study is that it is reflective of contemporary practice and the primary outcome measure was the hard endpoint of mortality. As with all retrospective, observational studies, it is not possible to account for all confounders. We did not have data on Killip class and LVSF was recorded in only 40% of patients on discharge. Such data would likely have improved our prediction of late discharge patients and given insight into the increased mortality in this group. However, this is a study of real world, unselected, consecutive patients with long-term follow up and the primary objective of assessing safety of early discharge only required recording the 'hard' endpoint of mortality. Another limitation is this being a single-centre experience. However, our hospital provides PPCI to a population of approximately 2 million and serves seven satellite hospitals. Finally, translation of our data on the safety of early discharge may need to be treated with caution in centres with longer balloon times or in centres without established early cardiac rehabilitation and physician-led consultation following discharge.
Conclusions
This study of 2448 patients undergoing PPCI for acute STEMI shows that early discharge (within 2 days) is safe and feasible in two-thirds of such patients. Whilst the benefits of primary PCI over thrombolysis are proven, establishing an effective primary PCI service is demanding of health resources. Early discharge may help to reduce healthcare costs for providers of a PPCI service.
